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Etude  et  Realisation  d'un 
("Research  and  Development  of 


Equipement  de  u i nerad i ographi e " 
an  Equipment  for  Cineradionraphy") 


ABSTRACT 


Although  the  theory  of  cineradiography  is  very  well 
known,  it  is  not  used  much  because  it  often  requires 
large  installations  that  are  costly  and  not  easy  to 
learn  how  to  use  correctly. 


The  authors  describe  an  installation  of  flash- 
radiography  which  can  obtain  six  images  of  a rapid 
phenomenon  with  the  possibility  of  selecting  a very 
short  time  interval  between  two  pictures.  The 
equipment  includes  six  flash  radiography  instruments 
which  deliver  2Uns  X-ray  pulses,  the  voltage 
applied  to  the  tubes  does  not  exceed  300kV.  The  flash 
radiography  tubes  are  connected  to  the  high  voltaoe 
pulse  generators  by  co-axial  cables.  This  configuration 
allows  the  X-ray  sources  to  be  placed  close  to  each  other, 
thus  minimizing  parallax.  The  time  delay  between  the 
synchronization  signal  and  an  X-ray  pulse,  detected  by 
a ohoto-multipl ier  tube,  is  measured  with  a precision 
of  plus  or  minus  5ns. 

Several  examples  are  shown  of  the  recordina  of  shaped 
charge  jets. 
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Introducti on 


Certain  studies  (as,  for  example,  tne  fragmentation 
of  the  jet  of  a shaped  charge,  the  projection  of  fragments, 
etc.)  in  order  to  be  done  successfully,  require  the 
recording  of  several  successive  shots  of  the  same  phenomenon . 

The  methods  used  to  obtain  c i nerad i ogra phi c 
recordings  are  very  diverse,  and  their  discussion  goes 
beyond  the  scope  of  this  report.  However,  let's  simply 
recall  that  if  the  time  interval  between  two  images  must  be 
very  short  (less  than  a few  microseconds),  it  is  necessary 
to  use  several  sources  of  pulsed  X-rays  fired  successively 
in  order  to  obtain  a cineradiography.  The  seDaration  of  the 
images  is  achieved  very  simply  by  using  an  aperturinq  slit. 

This  method  is  cumbersome  and  allows  the  recording 
of  only  a limited  number  of  small  pictures.  However,  the 
frequency  of  the  images  is  practically  unlimited,  and  this 
sort  of  installation  can  also  be  used  to  make  stereo 
radiographic  recordings. 

The  studies  being  carried  out  at  ISL  on  shaped 
charges  led  us  to  build  such  an  Installation  for 
cineradiography. 

II.  Description  of  the  Installation 


The  cineradiography  installation  includes  six  flash 


radiography  systems  triggered  successively,  with  an 

• • 

aperturing  slit  to  separate  the  images. 

The  first  figure  illustrates  the  method  used  to 
separate  the  images:  two  sources  of  X-rays,  a distance 

"s"  apart,  generating  images  of  width  "i"  of  an  object 
placed  within  a slit  of  width  "d_. " The  images  are 
contiguous  if  the  relationship 

s = d ( + Hr) 

is  satisfied,  and  a and  b representing  the  distance  from 
the  source  to  the  aperturing  slit  and  the  slit  to  the 
film  respectively. 

The  ratio  b/a  should  never  exceed  0.1  so  that  the 
geometric  image  blur  remains  small.  From  this  you  get  the 
result  s = lid,  a distance  which  should  be  kept  as  small 
as  possible  in  order  to  avoid  parallax  distortions. 

For  the  observation  of  shaped  charge  jets,  we 
adopted  a slit  width  of  d = 20mm,  which  in  turn  made  it 
necessary  to  separate  the  sources  of  X-rays  by  220mm. 

This  value  can  be  achieved  only  if  the  flash  radiography 
tubes  are  removed  from  the  large  casing  containing  the 
high  voltage  pulse  generator.  Therefore,  the  tubes  were 
mounted  in  special  tubeheads  connected  to  the  Marx  generators 
by  high  voltage  cables.  In  this  arrangement,  the  flash 
radiography  systems  emit  X-ray  pulses  20ns  in  duration,  the 
maximum  voltage  applied  to  the  tubes  being  300kV.  (The 


design  of  these  high  voltage  pulse  generators  was  the  subject 

• • 

of  a previous  report  [1J.) 

The  location  of  the  six  tubes  is  shown  schematical ly 
in  figure  2 . 

III.  X-ray  Recordings 

The  radiographic  pictures  are  recording  on  films 
placed  between  high-resolution,  fluorescent  intensifying 
screens.  The  overall  blur  is  0.2mm  based  on  3 components: 
0.15mm  geometric  blur,  0.05mm  for  blur  caused  by  the  screens 
and  the  film,  and  0.15mm  for  motion  blur. 

IV.  Measuring  Time  Intervals 

The  time  interval  between  the  synchronization  signal 
and  an  X-ray  pulse  is  measured  by  a mul tichronometer 
(figure  31 . 

The  synchronization  signal  produced  by  the  object 
under  study  (in  this  case  the  short-circuiting  of  wires 
placed  on  the  shaped  charge)  is  sent  simultaneously  to  the 
delay  generators  and  to  the  multichronometer.  The  delay 
generators  transmit  pulses  to  the  amplifiers  (2)  which 
trigger  the  X-ray  sources. 

A photomultiplier  detects  the  X-rays  and  delivers  a 
series  of  pulses  which  are  transmitted  to  six  channels  of 
the  mul t ichronometer  by  means  of  a distributer.  The 
precision  of  the  measurement  is  ^5ns. 


V . Applications 

Our  cineradiography  installation  was  used  to  study 
the  fragmentation  of  the  jet  of  a shaped  charqe  as  well  as 
for  measuring  the  speeds  of  the  front  edge  of  residual  jets 
which  have  penetrated  a target. 

The  results  obtained  will  be  th.e  subject  of  later 
reports  and  the  radiographs  shown  here  are  only  for 
illustrating  how  measurements  are  made.  Fiqure  4 shows 
the  burst  of  the  jet  of  a charge  Model  S2T  [ISL  shaped 
charqe  of  36mm  outside  caliber  including  a conical  copper 
liner  with  a 40°  apex  anqle  and  31  grams  of  explosive  (3)] 
after  it  penetrated  steel  targets  10mm  and  3Umm  thick.  The 
first  pictures,  immediately  after  the  jet  comes  out  of  the 
target,  allow  a good  study  of  the  deformation  of  the  exit 
face . 

Figure  5 shows  the  fragmentation  of  a jet  with  a 
S2T  charcie.  The  speed  at  the  front  of  the  jet  is  7200  m/s 
and  the  difference  in  speed  between  the  two  successive 
fragments  is  of  the  order  of  200  m/s.  The  time  zero 
reference  corresponds  to  the  short  circuiting  of  wires 
placed  between  the  booster  charge  and  the  explosive  of  the 
shaped  charge. 

VI.  Conclusion 

A flash  radiography  installation  consisting  of 
X-ray  sources  was  developed  and  used  for  cineradiography 
studies  of  shaped  charge  jets.  The  time  interval  separating 


L A 


2 successive  images  can  be  very  short  and  measured  with  a 
precision  of  ± 5 n s . 

This  installation  is  also  quite  suitable  for  stereo 
radiography  pictures. 
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Biern  que  la  cinf radiographic  soit  tide  confute  done  eon  principt,  tan 
utilisation  eet  peu  frdquente  car  ta  mite  tn  oeuvre  ntoenits  eouvent 
dee  installations  inportantes,  ondreutet  et  Ytlativtwwmt  malaitAtt  4 
mattriser  correctemnt. 

Let  auteurs  pn'sentent  uns  insta'lalion  de  radiogr^hit-Aolair  pemet- 
tant  d'enregietrer  six  images  d'w\  phdnomtne  rapids,  let  intervallet 
de  teirpe  entre  deux  cliohit  pouvant  itre  ehoitit  trie  petite.  L'tqui- 
pcnent  cowporte  eix  appareilt  de  radiographit-A clair  ddlivrant  det  im~ 
puleione  de  rayons  de  SO  ns,  l 'amplitude  de  la  tension  appliqud*  cut 
tubes  n ’exoddant  pat  300  kV.  Let  tubtt  dt  radiographie-dolair  tent 
relidt  aux  gdndrateurt  d 'impulsions  haute  tension  par  det  o&bles  coaxiau x. 
Ccoi  pemst  de  rapproaher  lee  sources  de  rayons  X et  ainsi  d 'observer 
le  phdnomdns  aveo  uns  parallax » gdndralement  ndgligeeble.  L’intervalle 
de  tea ps  edparant  le  signal  dt  eynohrcmieation  d’une  impulsion  dt  wmm  X, 
diteetd*  par  wt  tubs  photomltiplioatevr,  set  mi  surd  auto  ms  prdeitian 
de  tS  ns. 

Quelquss  txenpltt  d ‘tnregietremsnti  de  Jett  de  chargee  c reuses  eont 
montrds. 
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OHtohl  die  Kinematographie  writ  KOntgenblitssn  prineipiell  sohon  Usage 
bekamt  iet,  <nrd  tie  dooh  relativ  selten  t mgeuandt , da  eie  mist  esif- 
uendigt  und  unhandliohe  Gerdts  sr fords rt. 

Im  vorliegenden  Bsrieht  atird  sine  relativ  leiohte  md  leietungsfdhige 
HOntgenblitsapparatur  beeehritben,  velohe  die  Kegietrienmg  van  8 Bildem 
gestattet,  uobei  der  seitliohe  Abttand  suite  hen  I Bildem  tehr  klein  ge~ 
udhlt  verder  kam.  Die  Apparatur  umfeeet  8 BdntgenbUteqmllan,  die  bei 
maximal  300  kV  be  triebon  uerden  wad  Mntgeniwgulse  von  jt  SO  m Donor 
lie  fern.  Die  RDntgenrohre  tind  mit  don  Iwpultgmsratorsn  durdh  KoamiaVwtvl 
verbwtden.  Auf  diets  deist  kdmtn  die  Rohrs  eehr  neJm  tmtxsmngtbradht 
uerden,  uoduroh  die  Parallax*  fait  vtm aehldtsigbar  klein  afird.  Die 
Zeitintervalls  meieohm  den  eintelsaen  RBntgmbUtusn  uerden  mit  BilfB 
tines  Photomultipliers  auf  tS  ns  genau  gemttsen. 

Alt  Amtndwagtbtiepitle  wtrden  tinigt  Amfnehmm  van  Bohlladw^titraMm  , 
gstsigt. 
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T - Introduction 

Certainea  frudse  (fragmentation  d'un  jet  de  charge  creuae,  projec- 
tion ri'fclate,  etc.)  ndcaaeitant,  pour  8trt  mendet  i bien,  1 'enregistreaeat 
de  pluaicura  clicht*  euceeaeife  du  mem*  phdnomene. t 

Lea  mfthndee  employees  pour  obtenir  dea  enregiecremente  cindradio- 
grapbiquea  aont  trda  diveraes  et  leur  expoaf  aort  du  cadre  da  ce  Rapport.  Rap- 
pelona  toutefoia  qua  ai  l'intervalle  da  tempi  entre  deux  iaagea  doit  atre  trie 
court  (infdrieur  1 quelquea  microsacondea) , il  eat  ndceaaaire  d'aaployer  plu- 
siaura  aourcaa  d ’ impul a iona  da  raynna  X ddclcnchdee  tucceeni veoent  pour  obtenir 
unc  cindradiogrephie.  La  afparation  dea  iaugea  a'effactua  trde  a iatp lament  grlce 
i l'enploi  d'un  diaphragaM. 

Cette  mdthode  cat  encombrante  at  na  parmet  d'anregiatrer  qu'un  nom- 
bre  limit*  da  cliche*  da  petit  format.  Cependant,  la  frequence  d' image  eat 
prariquaamnt  ill  ini  tie  et  une  telle  inetallation  peut  an  outre  itre  util lade 
pour  dea  anragiatramenta  atdrdorad iographiquea . 

Lea  dtudee  aur  lea  chargea  crauaea  mandea  1 l'ISL  noua  ont  conduiea 
i rialiaar  una  telle  installation  da  cinlradiographie . 

II  - Deacription  de  1' inetallation 

L' inetallation  de  cindradlographie  eomporte  aix  eppareila  de  radio- 
graphia-dclair  ddclenchde  eucceaaivemant,  un  diaphragma  permettant  de  adparar 
lea  iaagea. 

La  pramidre  figure  rappel le  la  mdthode  de  adparatioi  dea  iaagea  : 
deux  aourcea  da  rayrna  X,  dlaigndaa  1'una  da  l'autra  d'una  diatance  a,  engeadraat 
daa  iaagea  da  largaur  i d'a  objat  placd  daaa  la  fence  da  largaur  d du  diaphragaM. 
Lee  iaagea  aoat  contlguie  ai  la  relation 

a • d ( t * j) 

eat  vdrifide,  a at  b reprdeentaet  lea  dietancaa  aourca  - diapbragae  at  dlapbra^c  - 
fila  reaper tivenent. 

Le  rapport  b/a  iw  doit  oaeddor  0,1  afin  qua  la  f loo  gdoadtriqao  rooto 
faibla.  II  aa  rdaulta  a - lied,  diatance  qui  Sara  aaintanua  ausai  pat  its  qua 
possible  pour  dviter  lea  arreurs  da  parallaxa. 
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Pour  1 'observation  des  jet*  de  charge*  creuiee,  nou*  even*  adopt! 
une  largeur  dr  fence  du  dixphragne  d • 20  n*  qui  ■*  traduit  par  la  nfceaaitf 
de  sfparer  lc*  tource*  de  rayon*  X de  220  un.  Cette  valevr  o'e*t  atteinte  qua 
• i let  tube*  de  radiographic  - fc lair  *ont  independence  de  l'enreintt  trop 
encoabrante  contenant  le  gfnfrateur  d' impulsion*  haute  tension;  *u»*i  ont* 
il*  et  f raor.te*  dan*  de*  enveloppes  spfeiale*  roll!**  par  un  clble  haute 
tension  au  gfnerateur  de  Marx.  Les  appnreil*  de  radiographia-fclair  ainai 
constitute  tract  tent  d>*  impulsions  de  rayon*  X d'une  durfe  de  20  na,  l'aapli- 
tude  naxiaale  de  la  tension  appliquie  aux  tuba*  <tant  de  100  kV.  (La  concap- 
tion  de  ces  gfnf.rateurs  d'iapulaiona  haute  teneion  a fait  I'objat  d'un  Rapport 
anttrieur  [I].) 


Le  oontage  de*  six  tube*  est  rtprfsentf  achfaatiquenent  sur  la  fi- 


gure 2. 


Ill  - Lnregi  streuer.t  de*  clichf# 


laa  clichf*  radiographiquea  aont  enregistrfa  aur  das  filo*  plac8* 
entre  feran*  renfor^a teur ■ fluorescent*  de  haute  dffinition.  Le  flou  rCaultant 
eat  da  0,2  oo  aachant  qua  le*  flou*  cooposant*  aont  da  0, IS  aa  pour  lo  flou 
gfoaftrique,  0,05  tan  pour  le  flou  du  aux  Ccrane  at  au  fila  at  da  0,15  *■  pour 
le  flou  dO  au  aouvtaent. 

IV  - Haaura  d' intarvalla*  da  taap* 


L'intervalle  de  taupe  af parent  lo  signal  do  synchronisation  d'un* 
iapulsion  da  rayon*  X eat  aesurf  i l'aid*  d'un  aultichroaoaftra  (fig.  )), 

Le  eignal  da  aynchronisation  dflierf  par  I'objat  (an  1 'occurrence  le 
court  circuit  de  fila  placfa  aur  la  charge  creuee)  eat  omroyf  aiaul tenlaent 
aux  rerardataura  at  au  uultichronoaftre.  Lee  retardateura  trenaaetteut  dee  ia- 
pu Is  ions  aux  anpl if icataura  [2]  qui  dfclenchent  le*  aoureee  d*  rayonaaaent  X. 

Un  photoaultiplicateur  dfteete  lea  rayon*  X at  dflivr*  un  train 
d'iapulsion*  tranaaise*  8 eix  canaux  du  aultlchronoaltre  par  l'intcrafdiaira 
d'un  diatributaur . La  prfeiaion  da  la  aaaur*  eat  da  tS  aa. 


V  - Application* 


L' installation  do  cinfrodiogrophio  a ftf  aa^loyf* 
fragaantation  d'un  jat  da  charge  creua*  ainai  qua  pour  daa  a 
de  tltaa  da  jat*  rfeiduela  aprta  perforation  d'un*  cibl*. 


pour  I'ftudo  do  la 
near**  do  uitoaooo 
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L «»  rfsultsta  obtenus  f front  l'objet  de  Rapports  ultirieura  St  l** 
radiographic*  aontrfci  ici  n'ont  qu'un  but  d' illustration  de  1*  nSthode  di 
mtf  lure. 

La  figure  4 aontre  l'dclat  du  jet  d'une  charge  S27*  apria 
traverse#  dc  cible*  en  acier  de  10  aa-eb  30  ■»  d'dpaieeeur.  Lea  premiers  iue- 
tant*  de  la  sortie  du  jet  da  la  cible  permettent  da  biati  ftudiar  la  defolia- 
tion da  face  de  aortie. 

La  figure  5 aontre  la  fragawntat ion  d'un  jet  de  charge  S2T.  La  tri- 
tesae  d*  la  t*te  du  jet  eat  de  7200  a/a  at  la  dif fdra-x-e  de  viteeae  antra 
deux  fragments  successifs  eat  de  l'ordre  de  200  m/a.  L'originc  daa  taapa  aat 
donn<  par  un  court-circuit  de  aynchroniaat ion  place  entre  la  ralaia  at  I'explo- 
aif  da  la  charge  creuae. 

VI  - Concluaion 

Una  installation  de  radiographie-iclair  coaportaat  six  sources  4a 
rayonneaant  X a fti  visa  au  point  et  utilisde  an  ciniradiographia  pour  daa  4tu- 
dea  relativaa  1 das  jata  da  charge'  creuaea.  L’intervalle  da  taupe  s4  pa  rent  deux 
iaagea  aucceseivea  paut  8tra  trde  petit  at  aat  mesurt  ayae  una  prdcieion  4a  45 

Cette  inatallation  eat  Sgalaaent  bian  adapt 4a  5 das  enregiatraaaata 
s t 4r do rad iogr aph iquaa . 


fl]  F.  HATTERER,  F.  JAI*T,  C.  THOME* 

Un  gdnfrateur  d'iupulaions  de  750  kV  at  aon  application  I la  prod na- 
tion d'Cclaira  de  rayons  X et  d'tlectrons. 

Fin  7$0-kV-  It^pulegenerator  und  amine  Anuandung  aw*  Ertaugung  sen 
ROntgan-  und  Flak  tronenb  lit  ten. 

ISL  - 10/72 

(2)  Fa  JANET 

Realisation  d'un  apparail  da  dfclenehaneat  pour  gtatrateure  4 'input- 
siona  da  rayons  X. 

tntvicktung  tine*  Aue  lOetga.Htaa  fUr  ROntganb li toque  l ten . 

ISL  - H 30/71 

a 

[3]  E.  PtIEX  — 

La  physique  4a  la  charge  erauaa  t Maultata  axpdrlnantanx  at  aaaal* 
ddrationa  tbSoriques  r 4c ant as. 

T\tik  dar  Bokllodmgan  : taparimantalta  trgabnUaa  und  nans 
thaoratiaaha  Vbarlapmgan. 

III  - It/ 7*  . 

• Charge  a reuse  ISL  4a  34  an  4a  calibre  extSrieur  conportant  un  rev*  tenant  am 
an  selves  4 'angle  an  aaaaat  40*  at  31  g 4'axploaif  (3). 


ennlgna 


